While studying the carbohydrate reactions of the mouse septicemia bacillus (1) a source of error was detected which apparently has not been appreciated by some bacteriologists and to which it is the object of this paper to call attention. These organisms grow better when a small amount of serum is added to media. Therefore, according to the custom of those who have been working with streptococci, a few drops of sterile horse serum were added to each tube of carbohydrate bouillon at the time the inoculation was made. Under these conditions acid was produced from dextrin and starch, whereas some of the simpler carbohydrates were not attacked. T h e possibility t h a t this action might be due to enzymes in the serum which m a d e the carbohydrates available to the bacteria was considered and the following experiments were made.
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That various sera contain carbohydrate-splitting enzymes has been known to physiological chemists for years and the fact is stated in a number of text-books. Magendie (2) in 1846 found a starch-splitting enzyme in serum and Hamburger (3) showed that in addition to a diastase, a maltase was present. Moeckel and Rost (4) studied the sera of most of the domestic animals and found that ,they alI contained a diastase. Invertase may be present in small amounts in some sera, though Abderhalden and Rathsmann (5) did not find it in dog serum until after they had injected saccharose into the circulation.
Among bacteriologists, Hiss specifically states that serum water should be heated to destroy the enzymes before the carbohydrate is added. Hoiman (6) found that streptococci grow better when unheated serum is used, and he introduced a medium containing 20 per cent of serum that is sterilized by filtration. Park and Williams (7) add an equal amount of sterile serum or ascific fluid to a previously sterilized peptone water contz{n~ng the carbohydrate to be used. 345
While the use of serum waters for the detection of acid is being gradually replaced by more accurate quantitative methods, the practice of adding a few drops of serum as an enriching substance is not at all uncommon. That this practice may give rise to misinterpretations is indicated by the following experiment.
Experiment/.--Four fermentation tubes were prepared, one containing sugarfree bouillon, and the other three the same bouillon plus 1 per cent of Kahlbaum's soluble starch. Horse serum was added as indicated in Table I and the tubes were incubated over night to insure sterility. They were then inoculated from a bouillon culture of Morgan's Bacillus No. 1, an organism that attacks only the hexoses. After 5 days incubation the amount of gas was recorded and the amount of titratable acid was determined in the fluid of the bulb and of the branch of each Acid, 1.3 per cent. " 3.5 " " " 3.3 "
tube. The results obtained are given in Table I and show that in the presence of serum or starch alone gas and acid are not formed, whereas when both of these substances are present both gas and acid are produced.
Since in the above experiment the smallest amount of serum used was approximately 4 per cent, another experiment was made to determine the least amount of serum that would act on starch. T h a t these enzymes are not affected b y keeping sera in the refrigerator for a considerable length of time is shown b y the fact t h a t the s e r u m of a horse, a cow, and a pig, each 1½ years old, when added to starch solution caused, after 2 days incubation, the production of substances t h a t reduced Benedict's solution. H e a t i n g horse serum Marked reduction.
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No reduction.
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for bacteria growth.
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t o 50°C. for 15 m{nutes did not destroy the enzymes, b u t serum h e a t e d to 53 ° for I hour or 60 ° for 15 minutes no longer formed reducing substances in starch solution.
T h e effect of serum on carbohydrates other than starch was tested bacteriologically as follows: Experiment 3.--Tubes, each containing 9 cc. of fermented bouillon, were auto-.claved, and to sets of four was added 1 cc. of previously autoclaved aqueous 10 per ~ent solution of a carbohydrate to a tube. Eleven of the more commonly used earbohydrates were available for the study. It was realized thatsomeof them, such as the pentoses and alcohols, would probably not be changed by the serum. To ~ach of two tubes of a set was added 0.5 cc. of sterile horse serum, and all the tubes were incubated for 3 days. Two tubes from each set, one with and one without serum, were then inocul,'~ted from a bouillon culture of Morgan's Bacillus No. 1 and the other tubes from a culture of B. dysenterice Shiga; both of these attack only the hexoses. After a further incubation of 2 days the contents of each tube were titrated and the results given in Table III were obtained.
These results show that serum will change maltose and dextrin so that they give the same bacteriological reactions as dextrose. There is a slight breaking down of saccharose, but other tests have shown that it is of little importance, and while it is possible that other carbohydrates may be changed though not broken down to a hexose, we have no evidence that this takes place. It is fortunate that inulin and sallcin are not attacked, as these two carbohydrates have been used so much in differentiating streptococci. Maltose, dextrin, and starch are, then, in the presence of unheated serum, of no value in differentiating bacteria., They may, however, be of great value when used without serum. Maltose has not been generally used, since it often gives the same results as dextrose. In separating the fowl typhoid from Bacillus pullorum, maltose is of great value and it also helps in classifying the dysentery bacilli.
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CONCLUSIONS.
It has been shown that enzymes in serum will change maltose, dextrin, and starch so that they will react as dextrose in media. These enzymes are destroyed by heating to 60°C. for 15 minutes, but they are present in sera that have been refrigerated for as long as 18 months. The practice of using carbohydrate media containing unheated serum should be discouraged, and if it is used the possibility that the carbohydrate may be changed by the enzymes present must be considered.
The writer is indebted to Mr. Henry Hagens, of this laboratory, for valuable technical assistance.
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